Objective: To determine the factors contributing to unexplained antepartum stillbirth in Scotland.
Introduction
The stillbirth rate in Scotland is 5.7 per 1000 births for years 1996 to 2000 and 5.3 per 1000 births for the year 2005. 1 The Scottish
Perinatal and Infant Mortality and Morbidity Report 2004 showed that the total number of normally formed singleton antepartum stillbirths for Scotland was 237 of which 172 (72.6%) were classified as unexplained antepartum stillbirths. 2 Despite the importance of stillbirths, their causes remain unknown in the majority of reported cases due to an incomplete understanding of the physiology of the fetal-placental unit, inadequate diagnostic evaluation in particular the absence of placental histology and fetal autopsy and poor reporting of associated risk factors as causes. 3 The Confidential Enquiry into Maternal and Child Health report for 2003 showed that 70.7% of stillbirths were classified as unexplained antepartum stillbirths even when based on the extended Wigglesworth classification, supplemented by the Obstetric (Aberdeen) classification. 4 A study in Dundee, Scotland showed that 58% of the stillbirths in 1991 to 1992 were classified as unexplained antepartum stillbirths even though the postmortem rate for unexplained antepartum stillbirth was high (86%). 5 A decrease in the unexplained antepartum stillbirth rate in a population is desirable but research is needed to identify the etiology and associated risk factors. This study aims to determine the risk factors of unexplained antepartum stillbirth in Scotland from 1994 to 2003 and assess their value as a screening tool.
Methods
Anonymous data for all stillborn and live births in Scotland from 1994 to 2003 have been obtained with permission from the Information and Statistics Division of the National Health Service in Scotland (ISD), based on the Scottish Stillbirth and Neonatal Death Enquiry Form with linkage to the Maternity Inpatient and Day Case Record (SMRO2). The data contained all stillborn and live born infants irrespective of gestational age and all women receiving care in the obstetric specialties/health professions listed as either in-patient or day cases or also referral cases but excluded home births and births in non-National Health System (NHS) hospitals. 6 The perinatal data collected included late fetal deaths from 20 weeks gestation. The overall database is >99% complete since the 1970s.
Analyses were performed for singleton, pregnancies occurring at 20 completed weeks of gestation and more or occurring after the fetus reached a body mass of 200 g or more. Gestational age was calculated based on the estimated date of delivery. The cause of death was assigned and those deaths classified as unexplained antepartum stillbirths were not categorized further according to the Obstetric (Aberdeen) classification as had been done under the Confidential Enquiry into Maternal and Child Health reporting system. 4 Unexplained fetal deaths were defined as deaths occurring before labor with no evident fetal, maternal, or placental abnormality sufficient to be considered as the cause of death. 8 As multiple births are at a greater risk of adverse perinatal outcome than singletons, 9 they were excluded from this study. Those cases with underlying maternal illness such as chronic hypertension or diabetes will not be grouped as unexplained fetal deaths. Cases with placental complication were not be grouped as unexplained fetal deaths such as abruption placentae. The Urban/Rural Category classification used was developed by the Scottish Household Survey that takes account of both the population (settlement size) and remoteness (measured by drive times). The deprivation classification was based on the Carstairs and Morris index developed in the 1980s using 1981 census data. The index was designed with the expectation that it would be mirrored by direct measurement of household income if that were possible by using four variables: crowdedness, male employment, social class, and own car. The maternal weight is only available from the data set for 2003; therefore, it has been analyzed separately and is not usable for further analysis. The variable on perinatal death was collected until the year 1997 and was divided into stillborn and neonatal deaths from 1997 onwards; therefore, both of them have been analyzed in a separate table. This data set does not have the data on HCG measurment and AFP. Factors such as alcohol and drug consumption were not assessed in this analysis as both variables were incomplete.
The data were analyzed using SPSS version 14.0 for Windows after data checking was completed. As this study was undertaken using data obtained from ISD Edinburgh, the original source of data cannot be checked directly but the data can be compared with the report published by the ISD. The different numbers noted in this study compared with the annual report published in the Scottish Perinatal and Infant Mortality and Morbidity Report are because of the fact that this study uses all cases obtained from the ISD, whereas the annual report uses only registered births during the period and home and private (non-NHS) deliveries were not captured in the ISD data. Overall, the consistency of the data was checked by using the SMR validation manual V1.1 10 w 2 tests were used for comparisons of categorical data. The P-values for all hypothesis tests were two-sided and significance was set at P-value <0.05. The bivariate analyses enabled identification of various potential risk factors that were significantly associated with unexplained antepartum stillbirth. The crude odds ratios (ORs) were calculated for each explanatory variable. The confidence interval (CI) for each factor was reported together with the OR.
To control for the possibility that these factors might be confounded, all factors were entered simultaneously, using automatic selection procedures, into multivariable logistic regressions models. Adjusted ORs were obtained. Logistic regression analyses were performed to predict or estimate the probability that an individual would have an unexplained antepartum stillbirth and to make a comparison with other outcomes. Bayes' theorem of conditional probabilities was used to calculate the predictive values. These predictive values were useful in the interpretation of the relevance of a combination of the significant factors as a screening tool as they are determined by the sensitivity, specificity, and the prevalence of the outcomes studied (stillbirths and unexplained antepartum stillbirths), which may change from setting to setting.
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Results
The study includes all singleton pregnancies and assessed their outcomes comparing the unexplained antepartum stillbirth with all other outcomes (live births, explained antepartum and intrapartum stillbirth). There were 541 811 births between 1994 and 2003 including 1452 unexplained antepartum stillbirths out of a total of 2822 stillbirths. Table 1 shows the univariate analysis for cases classified as unexplained antepartum stillbirth versus others outcomes. w 2 tests showed that maternal age, marital status, deprivation category, smoking during pregnancy, parity, previous hospital admission, maternal height, maternal weight, history of previous stillbirth, gestational age, and birth weight were significant associated factors with the unexplained antepartum stillbirths and other outcomes. However, area of residence, diabetes status, previous caesarean section or abortion and sexr were not significant. The median maternal age for unexplained antepartum stillbirth is significantly lower than the other groups (35±Interquantile range 10 versus 40±2, P<0.01). The risk based on gestational age was calculated using cumulative probability as shown in Figure 1 and recommended 20 years ago by Yudkin et al. 12, 13 The curve increases, especially after a gestational age of 39 weeks, for stillbirth and unexplained antepartum stillbirth compared with explained antepartum stillbirths.
Further analysis using multiple logistic regressions was conducted based on the significant findings of the univariate analyses. A multivariable model with automatic selection of risk variables showed that smoking during pregnancy, maternal age, and maternal height remained independently significant ( Table 2) . The model's goodness of fit was good with a small value of À2 log-likelihood (5984.954) and a Cox and Snell R 2 of 0.100. The Hosmer and Lemeshow test also showed a high P-value indicating the goodness-of-fit between the observed and predicted number of Unexplained antepartum stillbirth in Scotland R Sutan et al cases (P ¼ 0.994). Table 2 shows multiple logistic regression analyses, which include all singleton pregnancies and also analyses among the singleton nulliparous pregnancies only. The result showed that the adjusted OR for unexplained antepartum stillbirth increased with increased maternal age after 35 years compared with the reference age of 20 to 24 years for both analyzed groups ( Table 2 ). The adjusted odds of unexplained antepartum stillbirth varied from category 1 (most affluent) to category 7 (most deprived). The less affluent showed increasing of risk of unexplained antepartum stillbirth (Figure 2 Analyses among the singleton nulliparous pregnancies showed that higher maternal age increased the odds of unexplained antepartum stillbirth significantly and was 1.8 times higher (OR: 1.806, 95% CI: 1.097, 2.975, P ¼ 0.02) for the maternal age group 35 to 39 years than those of 20 to 24 years. Smoking during pregnancy associated with two times (OR: 1.970 95% CI: 1.110, 3.495, P ¼ 0.02) higher risk of unexplained antepartum stillbirth A maternal height of <160 cm gave a 1.3 times higher risk (OR: 1.378, 95% CI: 1.070 to 1.775, P ¼ 0.01) of unexplained antepartum stillbirth than those with maternal height of 160 to 169 cm. Marital status and previous history of hospital admission were no longer significant in the multivariable model.
On the basis of the significant findings for singleton nulliparous unexplained antepartum stillbirths, a further analysis was conducted to look for relationships between the identified determinant factors and the occurrence of unexplained antepartum stillbirths in the population. Predictions of the rates of unexplained antepartum stillbirth were calculated based on the three independently significant risk factors. Only 5 of 120 unexplained antepartum stillbirths and 413 of the total population (63 579 singleton nulliparous pregnancies) had all three risk factors present (maternal age of 35 years and more, smoking during pregnancy and height of <160 cm). On a population basis, this was a sensitivity of the screening based on the three factors of only 4.2%. The specificity (99.8%) was very high, indicating that all three risk factors were rarely present for other birth outcomes. The prevalence of unexplained antepartum stillbirth with the presence of three risk factors was very low at 0.2% of the population. The positive predictive value was also very low (1.2%) and the negative predictive value was very high (99.8%). A PPV of Figure 1 Risk by week of gestation for stillbirth, explained and unexplained antepartum stillbirths, 1994 to 2003, for singleton nulliparous pregnancies. Note: The rate was calculated per 1000 total ongoing birth (live and still).
Unexplained antepartum stillbirth in Scotland R Sutan et al 1.2% implies that only 1 in 83 women with these three risk factors will have antepartum stillbirth. The remaining 82 will suffer needless anxiety and potentially diagnostic procedures. However, in 333 cases of 574 unexplained antepartum stillbirths and of 85 673 cases of the population with at least one of the three risk factors present, the sensitivity of the screening was increased to 58% with specificity of 55%. The prevalence remained approximately the same, but the positive predictive value decreased further to 0.4% and the negative predictive value remained at a high percentage (99.8%). This showed that with the positive predictive value of 0.4% implies that only 1 in 250 women present with at least one of three risk factors (maternal age 35 and above, smoking during pregnancy, and maternal height <160 cm) will in fact end the pregnancy as unexplained antepartum stillbirth. The remaining 249 pregnancies will suffer needless anxiety and potentially diagnostic procedures. Therefore, more identified risk factors will be able to closely predict the cases of unexplained antepartum stillbirth.
Discussion
The data available showed that stillbirths were the largest contributors to perinatal mortality (69.1% of total perinatal deaths). On the basis of the Obstetric (Aberdeen) classification, the data showed that unexplained antepartum stillbirths were the largest category (40.5% of total stillbirths). In the univariate analyses, sociodemographic and obstetrics risk factors were statistically significant including high maternal age group, deprivation category, area of residence, smoking, no previous admission, and height <160 cm. These findings were in accordance with previous reports that have identified these risk factors as determinants of unexplained antepartum stillbirth. 8,14 -19 Nevertheless, further multiple logistic regression analysis showed that advanced age, especially 35 years old and above, smoking and shorter height were independently significant risk factors for unexplained antepartum stillbirth. Univariate Unexplained antepartum stillbirth in Scotland R Sutan et al assessment of the obstetric factors among the nulliparous also showed that higher gestational age contributed to a higher risk of unexplained antepartum stillbirth. Gestational age was analyzed based on cumulative rate and showed a significant increase in risk with an increase of gestational age, especially after 39 weeks.
Smokers consistently showed higher risk, especially current smokers. The observation that the risk of unexplained antepartum stillbirths was very high at term among smokers has been reported in earlier studies. 20, 21 Restricted fetal growth present in stillbirths is well known and has been reported in many studies, 3, 8, [22] [23] [24] and this has a relationship with smoking. However, birth weight and growth retardation were not considered in this study. Birth weight also depends closely on gestational age and is confounded by many maternal illnesses. 3, 25, 26 Gestational age had a very strong association with unexplained antepartum stillbirth. The finding has been consistently seen in other studies that performed the cumulative risk ratio as recommended by Yudkin et al. 12, 13 Therefore, it can be suggested that in pregnancies at high risk of stillbirth, an active interruption of pregnancy near to 39 weeks of gestation may need to be considered to diminish the probability of adverse outcomes.
Advanced maternal age has been shown to be significantly associated with higher risk of unexplained antepartum stillbirth in this study as was found in two earlier studies. 27, 28 However, a population study conducted in the United States for 1995 to 1997 did not show this association among black women. 29 There was a non-significant association showing poorer outcomes among those who were not married. Social deprivation was shown to be associated with unexplained antepartum stillbirth with higher Carstairs Deprivation increasing the risk. A link was seen between adverse pregnancy outcome and lack of accessibility to health care based on urban rural classification. Deprivation and residence were no longer significant in multivariable analyses most probably because of confounding with smoking and maternal height, which remained significant within the model. A NHS Health Indicator Report 2004 also showed that under International Federation of Gynaecology and Obstetrics, the rates of stillbirth and neonatal deaths increased with deprivation from 3.4 per 1000 births for the least deprived areas (Quintile 1) to 5.3 per 1000 births for the most deprived areas (Quintile 5). 30 This study has not looked at the association of a history of existing diabetes or gestational diabetes as it is known that any stillbirth with diabetes will be normally classified as an explained, rather than unexplained, antepartum stillbirth.
After adjusting for the possible confounding factors, the remaining and definitive significant risk factors were increasing maternal age, especially after 35 years old; shorter maternal height; and smoking during pregnancy. Percentages of premature stillbirth (<36 weeks) were higher in unexplained antepartum stillbirth (table not shown) . However, a calculation made based on a proportional rate using the denominator of all ongoing pregnancies as recommended 18 showed that increasing gestational age, especially after 39 weeks, contributed to a higher risk of unexplained antepartum stillbirths. About one third of those with a gestational age of >37 weeks also had a lower birth weight and were, therefore, potentially avoidable. A study done in six developing countries also showed a consistent relationship between a risk cumulative probability increase and an increase in gestational age. 31 A study done at a hospital in Saudi Arabia 32 showed very similar findings, as follows: low socioeconomic status (OR: 1.22; 95% CI: 1.14, 2.86); maternal age 40 years or more (OR: 3.62; 95% CI: 1.22, 4.52); and maternal age of 18 years or less (OR: 1.79; 95% CI: 0.82, 2.89). However, that study did not show any significant associations between smoking, fetal sex, and post-term pregnancies and unexplained antepartum stillbirths. The difficulty in the classification of stillbirth as antepartum and intrapartum as well as in verifying the classifications is, of course, that they depend on the view of the reporting physician. There may have been a bias in the reporting: for example, fetal deaths may have been reported incorrectly as miscarriages and antepartum stillbirths may have been reported as intrapartum deaths. However, it was not possible to ascertain whether this was the case as the data obtained did not contain the relevant information.
The SMR data sets that constitute the computerized, populationbased data were derived from the hospital inpatient summary (maternity inpatient and day case records SMR02) and have shown coverage of 98 percent of all births since 1976. 33 More than 99% of total deliveries in Scotland were hospital deliveries. 7 The large sample size in this study (population data) provided greater statistical power than previous work based on a smaller sample sizes. As unexplained antepartum stillbirth was noted among the low-risk deliveries, this study, with its larger number of these low-risk deliveries, was able to detect substantial differences in the outcomes.
Unexplained antepartum stillbirth was the focus of this study because it is of general public concern. Even though a study has reported that the majority of stillbirths occurred in 'low-risk' women, a significant minority had stillbirth risk factors that were recognized during their antenatal care. 34 However, an extensive review showed that there was suboptimal care in nearly half (45%) of all stillbirths. 34 Identifying the risk factors for unexplained antepartum stillbirth is relevant for clinical practice and for the planning of future services to improve the health and well-being of mothers and their babies, especially mothers living in social deprivation. The presence of significant associations between the risk of unexplained antepartum stillbirth and maternal age, deprivation category, area of residence, smoking, and maternal height were observed in this study. The findings for age, smoking, and height persist after adjusting for socioeconomic and reproductive factors. The importance of this study stems from the fact that it was performed in the country that started the classification of perinatal death based on unexplained and explained causes of death and involved almost 200 000 births over a 10-year period.
However, this study has its limitation as a high proportion of unknown or missing data such as alcohol and maternal diseases were not recorded during the process of care in the database system. The weight and drug misuse variables were recently included in the database in year 2003. These may have had an influence on the outcomes but were not analyzed in this study because the sample size became too small. The inter-pregnancy interval could not be measured in this study because the database obtained was anonymous and those cases with more than one pregnancy could not be assessed for their inter-pregnancy intervals. This problem also applies to an earlier history of low birth weight and earlier preterm birth. Furthermore, there is difficulty in the classification of stillbirth as antepartum or intrapartum as well as in verifying the classification as it has to depend on the clinical judgment of the reporting physician.
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